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Abstract 
The paper describes a modeling technique of the hysteretic response of yielding shear panel device (YSPD). This 
device is used for seismic energy dissipation in frame structures. The generalized Bouc-Wen-Baber-Noori (BWBN) 
hysteretic model is adopted in this work. Simulink is used to develop the BWBN model of the YSPD. The model 
parameters are calibrated based on experimental results conducted on the YSPD. The developed hysteretic model of 
the YSPD is then incorporated in state-space approach to evaluate the response of dissipative structures. Assessment 
of effectiveness of the YSPD in alleviating structural response and the effect of pinching on the overall response of 
the structure is made. 
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1. INTRODUCTION
Passive energy dissipation devices can be effectively used to minimize structural damage induced by 
seismic excitation. A number of energy dissipation devices that relies on hysteretic plastic response have 
been proposed. One of these devices is yielding shear panel device (YSPD) (Williams and Albermani 
2006), which can be incorporated in an existing frame structure by connecting it between an inverted V-
brace and a beam in a frame panel as shown in Figure 1. The YSPD consists of a short segment of a 
square hollow steel section (SHS) with a steel diaphragm plate welded inside the SHS. The YSPD acts in 
shear as the parent frame structure undergoes lateral deformation. Energy is dissipated through shear 
yielding of the diaphragm plate while the SHS provides anchoring restraint to the resulting tension field 
in the diaphragm plate. The experimental results of 19 tests carried out on the YSPD were reported in the 
paper (Chan et al. 2009). Generally the YSPD offers good energy dissipation and ductility with a shear 
strain ranging between 15% to 20% and an equivalent damping ratio in excess of 30%. A typical 
hysteretic response of the YSPD is shown in Fig 4. The hysteretic response is generally stable and shows 
no obvious stiffness or strength degradation. However, the response exhibits some pinching. The pinching 
is attributed to plastic buckling of the diaphragm plate and to bolt slippage.  
In order to simulate the structural response of frame structures equipped with YSPDs, a constitutive 
model of the YSPD is required. A number of analytical hysteresis models are available. The generalized 
Bouc-Wen (BW) model(Wen 1976) provides smooth hysteresis but does not account for pinching or 
strength/stiffness degradation. This model was later extended to include pinching and degradation (Baber 
and Noori. 1986), the resulting model is Bouc-Wen-Baber-Noori (BWBN) hysteretic model.  
In this paper a BWBN model of the YSPD that accounts for pinching is developed using Simulink. For 
this purpose, experimental results of the YSPD are used to calibrate the hysteretic model parameters. The 
hysteretic model is then used to predict the structural response of a frame structure equipped with YSPD. 
 
 
Figure 1: A frame structure with YSPD 
2. NON-DEGRADING PINCHING HYSTERETIC MODEL OF THE YSPD 
The BWBN model (Baber and Noori. 1986) is used herein to model the hysteretic behavior of the YSPD. 
The restoring force, f, developed in the YSPD is expressed as 
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Where  tfE  and  tfd  are the elastic and hysteretic components of the restoring force, D is the ratio 
of post-yield stiffness to elastic stiffness, eK is the elastic stiffness of the YSPD,  tu  is the displacement 
of the YSPD at time t and )(tz is the hysteretic displacement which is given by 
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Where A , E ,J and n are model parameters which control the hysteresis loops shape. The parameter A  
in the original BW model was set to unity, yu is the yield displacement of the device, v and K are 
strength and stiffness degradation parameters, respectively (when 0.1  Kv , the model will not 
account for degradation) and  zh  is pinching function. TheH is hysteretic energy dissipation. More 
details about other parameters can be obtained by consulting (Baber and Noori.1986, Foliente et al 1996). 
Using the experimental results of the YSPD, a non-degrading pinching hysteretic model using eqs (1-7) 
can be developed by calibrating nine parameters  (n, p , q , E ,J , 0\ , \G , o1] and O ). 
2.1. Implementation 
Simulink toolbox of Matlab has been used to conduct the simulation necessary for developing the 
pinching hysteretic model of the YSPD. Fig. 2 shows Simulink model of the YSPD where the input to the 
model is the displacement history used in the experimental study (Chan et al. 2009). The modified 
BWBN model block in Fig 3 calculates the restoring force in the YSPD (eq.1). 
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Figure 2: Simulink model of the YSPD 
 
Figure 3: Modified BWBN model block calculating restoring force of YSPD 
2.2. Results  
The experimental hysteretic responses of 19 YSPD specimens were reported in paper (Chan et al. 2009). 
Two of these specimens are used in the current study; these are 100-2C and 100-3CS.  
The BWBN model and its implementation described in the previous section is used to develop a 
hysteretic model for these YSPD specimens. Based on the experimental results, the elastic stiffness eK  ,
the yield displacement yu  and the ratio of post-yield stiffness to the elastic stiffnessD can be estimated 
as shown in Table 1. The values of the remaining nine parameters (n, p , q , E ,J , 0\ , \G , o1]  and O ) can be calibrated to obtain best fit between the model and the experimental results. Table 1 list these 
parameters and Fig 4 compares the developed BWBN model with experimental results. As shown in Fig 4, 
it is clear that reasonable agreement between the developed model and experimental results can be 
achieved for the two specimens. The specimen 100-3CS exhibit a more pronounced pinching which is 
captured by the model. Specimen 100-2C exhibits reasonably stable hysteresis with a slight pinching near 
zero displacement during the last loading cycle (20mm amplitude). 
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The amount of cumulative energy dissipation was calculated using the experimental results and the 
developed BWBN model. The results are compared in Table 2, the developed model, in general, estimates 
energy dissipation by less than 10%. 
 
Table1: Parameters for modeling YSPD specimens 
YSPD Ke (KN/mm) 
uy 
(mm) Į n Ȗ ȕ q 0\ \G  p o1]  Ȝ 
100-2C 19.8 1.51 0.035 1 0.55 0.1 0.4 0.01 0.001 0.03 0.8 0.01 
100-3CS 24.0 1.55 0.05 1 0.40 0.1 0.4 0.2 0.001 1 0.95 0.05 
 
Table 2: Comparison of energy dissipated by YSPD 
A B C D 
YSPD Energy dissipation ED (kJ) B/C 
BWBN models Test results 
100-2C 6.95 6.99 -0.0048 
100-3CS 6.39 5.94 0.075 
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Figure 4: Typical hysteretic response of YSPD specimens 
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3. DISSIPATIVE FRAME STRUCTURE UNDER SEISMIC ACTION 
For a dissipative frame structure equipped with YSPD and assuming that the frame remains elastic and 
that the additional mass of the brace-device assembly is negligible in comparison to the mass of the parent 
structure, the dynamic response 
> @^ ` > @^ ` > @ > @^ ` > @^ ` dgbd fulMuKKuCuM    (  (8) 
Where bdK  is stiffness of the brace-device assembly; df is hysteretic component of the YSPD restoring 
force. A state-space approach is used to rewrite eqs 1-2 & eq.8 as 
  guWtLzAZZ    (9) 
where > @TuuZ  is a state vector;  A , L and W are system matrices 
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Given ground acceleration history, gu , eq. 9 is integrated using Simulink as shown in Fig 5. 
 
Figure 5: Integration of the system’s dynamic equation 
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3.1. Example 
In this example, the effect of pinching in the YSPD on the overall response of the SDOF building 
structure is assessed. The structural mass, m, is taken as 85 tonnes and a total lateral stiffness, k, as 60 
kN/mm with 3% structural viscous damping is assumed. The N-S component of the 1940 El Centro 
earthquake record is select as input ground acceleration with PGA of 0.313g. 
Two hysteretic models of the YSPD were used; no pinching (BW model) and with pinching (BWBN 
model). Five scenarios were considered, shown in Table 3. Peak absolute values of roof displacement 
(Umax), velocity (Vmax) and energy dissipation comparison are given in Table 3.The base shear versus 
roof displacement plots for specimen 100-2C and 100-3CS are shown in Fig 6.  
 
Table 3: Responses of the frame with & without YSPD 
SDOF |Umax| |Vmax| ED/ EI 
% m % m/s %
No YSPD 0.01306 100 0.3177 100 0 
100-2C (BW model) 0.008068 61.8 0.2025 63.7 68.653 
100-2C (BWBN model) 0.008151 62.4 0.206 64.8 68.13 
100-3CS (BW model) 0.008146 62.4 0.2059 64.8 63.523 
100-3CS (BWBN model) 0.00951 72.8 0.2384 75.0 61.634 
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100-3CS (BW model) 
Figure 6: Base shear plot using 100-2C & 100-3CS YSPD (with and without pinching) 
4. CONCLUSIONS 
A pinching non-degrading hysteretic model for yield shear panel device YSPD used for seismic energy 
dissipation has been developed in this work. The model is based on Bouc-Wen-Baber-Noori (BWBN) 
hysteretic model which is implemented in Simulink and calibrated using experimental results. A good 
agreement between the model and the YSPD experimental results are obtained.  
The YSPD hysteretic model is then incorporated into the SDOF building system. Incorporation of the 
YSPD can result in 30-40% reduction in structural response. The hysteretic energy dissipated by the 
YSPD is close to 70% of the input energy. Inclusion of pinching in the YSPD model makes the base 
shear-roof displacement response showing clear pinching when 100-3CS is used which exhibits high 
pinching. 
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